Cercospora isolates were recovered from Fallopia convolvulus showing leaf spot disease symptoms. Based on phenotypic features and partial sequence data from calmodulin and elongation factor 1-α genes the isolates were identified as Cercospora zebrina. C. zebrina is characterized for the first time from a new host plant based on phenotypic and DNA data. Morphology, phylogeny and host range of this species is discussed in the first attempt to circumscribe cercosporoid fungi of Iran from pure culture.
Introduction
Cercospora Fresen. sensu lato is one of the largest genera of hyphomycetes. Species in this genus are important pathogens responsible for severe damage on beneficial plants such as maize, rice, wheat grasses, vegetables, forest trees and ornamentals (Goodwin et al. 2001 , Crous & Braun 2003 . The genus Cercospora was established by Fresenius in 1863 (Braun 1995) . Cercospora has since been split into several genera on the basis of criteria such as conidiomatal structure, and morphological features of the mycelia, conidiophores, conidiogenous cells, and conidial pigmentation (Crous & Braun 2003) . Crous & Braun (2003) in their revision of cercosporoid fungi based on sequence data and reassessment of morphological characters, recognized four true cercosporoid genera, viz. Cercospora, Pseudocercospora Speg., Passalora Fr. and Stenella Syd., and several other morphologically similar genera. In the past, species definition within the genus Cercospora was mainly based on host plant association (Chupp 1954) and it is still used for species definition in this genus. However, there is a paucity of knowledge on the degree of host specificity amongst different Cercospora species; some taxa such as C. apii, the type species of the genus, have been reported to occur on different unrelated plant families (Crous & Braun 2003) . Hence, the identity of many species with more or less similar morphology, described only based on host plant association criterion remains questionable. With the advent of molecular techniques it is now feasible to figure out species boundaries and biodiversity of this genus as well. Whether the current number of Cercospora species will increase or will shrink remains to be answered. Generally speaking, in fungal groups where the number of species are more than the number of unique morphological features, the trend is for a drastic increase in species number when DNA sequence based approaches are applied for species delineation (Crous et al. 2009 ). Bakhshi et al. (2012) listed 89 cercosporoid species from Iran, including 29 Cercospora species. However, most of these species have been described on the basis of morphological characteristics provided by the genus concept of Chupp (1954) and there are no living cultures available for these taxa to be confirmed by a molecular approach to classification (Crous & Braun 2003) . In the present paper we characterize C. zebrina from a new host plant based on phenotypic and DNA data, which is the first attempt to circumscribe cercosporoid fungi of Iran from pure culture.
Methods

Isolates and morphology
Leaves of Fallopia convolvulus (L.) Á. Löve (black bindweed) showing leaf spot were collected from Firouragh in the Khoy region (West Azerbaijan Province, Iran) during September 2010. Single spore cultures were established using single spore technique as described by , in brief, under a stereomicroscope a mass of conidia and conidiophores were picked up from the surface of leaf lesion using a wetted sterile inoculation needle and then floated in 10 ml sterile distilled water and spread on 2% malt extract agar (MEA, Himedia, India), supplemented with 2 ml of 20% lactic acid/litre. Plates were incubated in a slanted position overnight and germinated conidia were transferred to new MEA plates under a stereomicroscope. Pure cultures were deposited in the Culture Collection of Tabriz University (CCTU). Colony morphology and microscopic features were examined from the cultures grown on 2% MEA. Microscopic slides were prepared from stromata, conidiophores and conidia in lactic acid. Characters such as, presence or absence of stromata and their development, pigmentation of conidia, conidiophores and conidiogenous loci (scars) were used to identify the species. Wherever possible, 30 measurements per relevant microscopic structure were determined. 95% confidence intervals were derived for the measurements with the extreme values given in parentheses. Drawings were made using a drawing tube attached to an Olympus BX41 microscope. Colony colours (surface and reverse) were assessed after 30 days on MEA at 25°C in the dark, using the colour chart of Rayner (1970) .
DNA phylogeny
The protocol of Moller et al. (1992) was used to isolate genomic DNA from fungal mycelium of monoconidial cultures grown on MEA in Petri dishes. The primers ITS1 and ITS4 (White et al. 1990 ) were used to amplify part (ITS) of the nuclear rRNA operon spanning the 3' end of the 18S rRNA gene, the first internal transcribed spacer (ITS1), the 5.8S rRNA gene, the second ITS region and the 5' end of the 28S rRNA gene. To obtain additional sequence information, part of the calmodulin gene (CAL) was amplified with primers CAL-228F and CAL-737R (Carbone & Kohn 1999) and part of elongation factor gene was amplified using EF728 (Carbone & Kohn 1999 ) and EF2 (Jacobs et al. 2004) primer set. The reaction mixture and PCR conditions for the ITS and calmodulin gene were the same as Crous et al. (2004) and for the elongation factor, PCR was carried out in a final volume of 12.5 μl containing 10-15 ng genomic DNA, 1.25 μl of 10X reaction buffer, 60 μl of 1 mM dNTPs, 2 mM MgCl2, 0.2 pM of each primer, 0.5 µl DSMO, and 0.5 U Taq Polymerase. The reaction was performed on a GeneAmp PCR System 9700 (Applied Biosystems, Foster City, CA) with cycling conditions consisting of 5 min at 96 °C for primary denaturation, followed by 40 cycles of 94 ºC for 30 s, 52 ºC for 30 s, 72 ºC for 60 s, with a final extension at 72 ºC for 7 min. The obtained sequences were compared to the sequences available in NCBI's GenBank nucleotide (nr) database using a megablast search.
Results
DNA Phylogeny
Blast search of ITS-rDNA against GenBank nucleotide (nr) database did not differentiate our isolates from the other Cercospora species in GenBank. Blast search of both ef-1α and calmodulin genes in GenBank also was of no help in species identification. A comparison of obtained sequences, with Pedro Crous's personal DNA sequences database for Cercosporoid fungi, located at evolutionary phytopathology group, CBS-KNAW Fungal Biodiversity Centre, Utrecht, The Netherlands, showed that our isolates cluster with Cercospora zebrina clade. Sequences are available in GenBank with the accession numbers: ITS = JX390615, ef-1α = JX413117 and calmodulin = JX413118). (Crous & Braun 2003) . The morphological characteristics of the isolates from F. convolvulus are in agreement with those of C. zebrina. In this species, conidia are more or less cylindrical with obtuse apices. Blast search result of ITS sequence data was of no help in confirming the identity of C. zebrina. There are several reports available that ITS region is not diverse enough to resolve species boundaries in the genus Cercospora (Crous et al. 2009 ). The same results obtained with blast search analysis of sequence data from calmodulin and ef-1α genes. The reason for this failure is that there are few sequences of Cercospora species for other loci than ITS-rDNA region available in GenBank. Comparison of the obtained sequence data with Pedro Crous's personal DNA sequences database for Cercosporoid fungi, further confirmed the identity of species as C. zebrina. F. convolvulus is type host of C. polygonacea, which is, however, C. apii-like, i.e. with long acicular conidia with pointed apex, although small and young conidia may also be subcylindrical (Crous & Braun 2003) . C. zebrina has been reported to occur mainly on legumes; however, there are some reports of C. zebrina on different plant families such as Scrophulariaceae and Bignoniaceae (Crous & Braun 2003) . With this report we add F. convolvulus as a new host for C. zebrina in the family Polygonaceae. C. zebrina has already been reported from Iran on Medicago sativa L. (Ebrahimi & Minassian 1973) , however, the authors did not provide a description for this species.
Morphological and cultural features
With these results it is now clear that host plant association criterion and morphology alone are not satisfactory for species definition within the genus Cercospora and may lead to misidentification. The need for sequence data is indispensable for species identification in Cercospora (Uwe Braun, personal communication) . This is indeed interesting that C. zebrina infects plant species in different plant families. Whether F. convolvulus is a true natural host for C. zebrina or the pogo-stick hypothesis postulated by Crous & Groenewald (2005) is playing a role, remains to be answered. Host jumping is another phenomenon which may explain infection of F. convolvulus by C. zebrina. This phenomenon involves the ability of a pathogen to infect a new host which is genetically distant from the original host plant (Stukenbrock & McDonald 2008) e.g. Fabaceae and Polygonaceae. The phenomenon of wide host range might hold true for many other Cercospora species. There are such data available for C. beticola and C. apii which occur on different unrelated plants (Crous & Braun 2003) . Nevertheless, for most species in this genus there is no data available on the degree of host specificity and hostpathogen interaction. The main reason for the lack of data on pathogen-host interaction in Cercospora is the low rates of success with the induction of sporulation in cercosporoid fungi on synthetic media (Arzanlou et al. 2007 ). Many of the cercosporoid fungi, especially Cercospora species loose the sporulation potential soon after sub-culturing (Arzanlou et al. 2007 (Arzanlou et al. , 2008 . Alternative inoculation methods should be developed in order to facilitate pathogen-host interaction studies. Bakhshi et al. (2011) used mycelial suspension to inoculate sugar beet plants under greenhouse conditions with C. beticola. Typical symptoms of cercospora leaf spot developed on inoculated sugar beet plants. Such protocols should be optimized for the other cercosporoids as well. Hence, we are currently elucidating host range of C. zebrina, C. beticola and C. apii isolates with inoculation studies on different hosts.
